We present optical spectroscopic observations of X Per from 1999 to 2013 with the 2.16m telescope at Xinglong Station and the 2.4m telescope at Lijiang Station, National Astronomical Observatories of China. Combining these observations with the public optical photometric data, we find certain epochs of anti-correlations between the optical brightness and the intensity of the Hα and HeI 6678 lines, which may be attributed to the mass ejections from the Be star, however, alternative explanations are also possible. The variability of FeII 6317 line in the spectra of X Per might also be caused by the shocked waves formed after the mass ejections from the Be star. The X-ray activities of the system might also be connected with the mass ejection events from the Be star. When the ejected materials were transported from the surface of the Be star to the orbit of the neutron star, an X-ray flare could be observed in its X-ray light curves. We use the neutron star as a probe to constrain the motion of the ejected material in the circumstellar disk. With the diffusion time of the ejected material from the surface of Be star to the orbit of neutron star, the viscosity parameter α of the circumstellar disk is estimated to be 0.39 and 0.28 for the different time, indicating that the disk around the Be star may be truncated by the neutron star at the 2:1 resonance radius and that a Type I X-ray outburst is unlikely to be observed in X Per.
Introduction
X Persei is a remarkable Be/X-ray binary that was first studied by the University of Michigan as part of its bright Be stars project that begin in 1913 (Clark et al. 2001) . X Persei was later confirmed to be pulsar 4U 0352+30 (Braes et al. 1972) . X Persei consists of a B0Ve star (Lyubimkov et al. 1997 ) and a compact companion that has a long pulse period ∼ 837 s (Haberl et al. 1998) , at a distance of 0.7-1.3 kpc (Roche et al. 1993; Lyubimkov et al. 1997) . A 250.3 day orbital period and a low eccentricity of 0.11 were found from a pulse time analysis of the 837s pulsations by Delgado-Mati et al. (2001) . X Persei has highly variable optical and infrared emissions on timescales from minutes to years (Mook et al. 1974; Roche et al. 1997) . The long-term photometry observations indicate that the optical brightness of X Per shows a large variation (V=6.1-6.8 m ) (Roche et al. 1993; Clark et al. 2001) . The emission line profiles of Hα and HeI 6678Å also display significant V /R variability according to the long-term spectroscopic observations of Clark et al. (2001) . A significant optical fading and the presence of absorbed photospheric Hα and HeI 6678Å lines were observed between 1989 and1990 ); these features indicated that X Per had lost its circumstellar disk and changed from a Be star to a normal B star. Recent optical spectroscopic observations by Grundstrom et al. (2007) suggested that the size of the circumstellar disk around X Per was continuing to increaseand it showed a strong Hα emission.
Due to its wide and low eccentric orbit, X Per is also distinguished by persistent, lowluminosity X-ray emission. An X-ray flare was detected in X Per between 1973 and1978 and a spin-up trend ofṖ /P = −1.5 × 10 −4 yr −1 was also observed in the pulsation of the neutron star during that flare.After this, X Per entered a spin-down stage in the last three decades, even through another small X-ray flare was observed around 2003 (see Palombara & Mereghetti (2007) and references therein). A ∼29 keV cyclotron resonance scattering feature was found from the X-ray spectrum of X Per by Coburn et al. (2001) . Lutovinov et al. (2012) reported the recent strong X-ray outburst activity of X Per during 2001-2011 and identified a hard X-ray line around 160 keV in the X-ray spectrum for the first time.
In this work, we present the simultaneous visual photometric, spectroscopic, and X-ray observations in Section 2. We then analyze the variability of the Hα, HeI 6678, and FeII 6317 lines in our spectra, together with the long-term V -band light curves, and the activities of the X-ray emission of the system in Section 3. In Section 4, we discuss the relationship between the optical brightness and the intensity of the emission lines. We also study the correlation between the optical emission and the activities of the X-ray emission. At last, we give a summary of the main findings in Section 5.
Observations

Optical Spectroscopy
We have been annually monitoring the visual spectra of a number of Be/X-ray binaries since the 1990s. Most of X Per's spectra were obtained with the 2.16 m telescope at Xinglong Station of National Astronomical Observatories of China. Optical spectroscopy with an intermediate resolution of 1.22Å pixel −1 was made with a CCD grating spectrograph at the Cassegrain focus of the telescope. We took the red spectra covering from 5500 to 6700Å and blue spectra covering from 4300 to 5500Å at different times. Sometimes lowresolution spectra (covering from 4300 to 6700Å) were also obtained. In 2012 March and 2013 November, we also carried out spectroscopic observations with the Yunnan Faint Object Spectrograph and Camera (YFOSC) instrument of the Lijiang 2.4m telescope at Yunnan Astronomical Observatory. Grism #8 was used with a resolution of 1.47Å pixel −1 , with a spectral range from 5050 to 9750Å. The data between 1992 and 1998 had been presented in Liu & Hang (2001) . Here we only analyse the spectra between 1999 and 2013. The journal of our observations is summarized in Table 1 , including observational date, UT Middle, Julian Date, and spectral resolution. All spectroscopic data were reduced with the IRAF package 1 . They were bias-subtracted, flat-field corrected, and had cosmic rays removed. Helium-argon spectra were taken in order to obtain the pixel-wavelength relations.
The equivalent widths (EWs) of the Hα line, the HeI 6678 line, and the FeII 6317, have been measured by selecting a continuum point on each side of the line and integrating the flux relative to the straight line between the two points using the procedures available in IRAF. The measurements were repeated five times for each spectrum and the error is estimated from the distribution of these values. The typical error for the measurements is within 1%, arising due to the subjective selection of the continuum. The results of Hα, HeI 6678, and FeII 6317 EWs are listed in Table 1 and plotted in Figure 1 . The published data of Hα (adopted from Clark et al. (2001) , Hang (2001), and Grundstrom et al. (2007) ) and HeI 6678 (adopted from Clark et al. (2001) ) are also plotted in Figure 1 with open symbols.
V -band Photometry
We collect the V -band photometric data from Roche et al. (1993) and Clark et al. (2001) and plot them in Figure 1 . In order to study the optical brightness variability after 2001, we also make use of the public optical photometric data from the international database of the American Association of Variable Star Observers (AAVSO 2 ). Only the photometric observations made with the Johnson V -band filter are used and plotted in Figure 1. 
X-Ray Light Curves
The All Sky Monitor (ASM, 1.5-12 keV) on board RXTE (Levine et al. 1996) had monitored the X-ray activity of X Per from 1996 January to 2012 January. We plot the RXTE/ASM light curves rebinned with a time of 15 days in Figure 1 Table 1 ). This might be caused by the broader wings in the 1999 observations than in the 2002 observations. With the increasing of the Hα peak intensity after our 2002 observations, the wings of the Hα also became increasingly broader and the Hα line in 2010 is the broadest line during our 12 yr of observations. The Hα lines during our 2010 and 2013 observations are shown in Figure 2 (c), which indicates that the peak intensity of the line has an obvious decline in our 2011 observations. The peak intensity of the Hα line became stronger again during our 2012 October observations and showed a lower level during our 2013 observations. The Hα EWs during our 1999-2013 observations are plotted in Figure 1 . During this period, the intensity of the Hα showed a remarkable change. Its EWs varied between ∼ -6.5Å and ∼ -37Å. The EWs of the Hα showed a faint state in 1999 during our 15 yr observations. One year later, the Hα EWs in 2000 were more than twice the 1999 averages. In the next 2 yr, the EWs of the Hα line kept declining and reached another low level in our 2002 observations. After that, the Hα EWs showed an increasing secular trend and a very strong Hα emission line during our 2010 observations was observed with an EW of -37.06±0.10Å, which was the strongest in the past two decades. During our observations in 2011 September, the Hα intensity showed an obvious decline and its EWs decreased to its 2007 level. Our observations with the 2.4m telescope at Lijiang Station in 2012 March indicated that the intensity of Hα line was still in a decline stage. Interestingly, the Hα intensity showed an increase during our observations in 2012 October. In our 2013 observations, the intensity of the Hα line decreased again and was at a level of that in 2012 March.
HeI 6678
The HeI 6678 line was also observed in our spectra. Due to its faint emission state and/or bad pixels around 6678Å, we only plotted the HeI 6678 lines during the 2005-2010 observations in Figure 3 . Different from the Hα lines plotted in Figure 2 , the profile of HeI 6678 during these observations showed a double-peaked or asymmetrical single-peaked structure. We also plot the HeI 6678 line during our 2000 observations in Figure 3 with a dashed line, , which indicates that the HeI 6678 line showed a strong emission and had an obvious double-peaked structure around 2000 September. The evolution of the HeI 6678 EWs is shown in Figure 1 , which indicates that the HeI 6678 has a strong emission during the 2000 and 2001 observations and in the next 2 yr it nearly lost its emission in the spectra. After that the HeI 6678 emission showed a continuous increase over the following 3 yr. Unlike the Hα line, the HeI 6678 showed a stable emission level during our 2006, 2007, and 2008 observations. It is interesting that the intensity of the HeI 6678 line kept increasing in the next two years and a strong HeI 6678 line was observed during our 2010 observations. It is worth noting that even though a relatively strong Hα emission was observed during our 2010 observations, the HeI 6678 during 2010 observations had an intensity similar to that during 2000 observations. In the next few years, the HeI 6678 line has the same evolutional mode as the Hα line.
FeII 6317
Several metal lines were also observed between 6200Å and 6500Å in the spectra. We plot the spectra from 1995 to 2013 in Figure 4 and the metal lines are labeled in the top part of the figure. Among these lines, FeII 6317 is relatively simple. Here we take FeII 6317 as an example to study the evolution of the metal lines during our observations. Figure 4 indicates that the FeII 6317 emission feature was nearly lost in our 1995, 1996, and 1998 observations. It appeared in our 1999 spectrum with an asymmetric profile and became faint in our 2000 observations with an obvious double-peaked structure. The emission of FeII 6317 was lost again during our 2001 observations. Since 2002, the FeII 6317 line has appeared again and its peak intensity has gradually increased sine then. The strongest FeII 6317 was observed during our 2009 observations. After 2009, the peak intensity of the FeII 6317 line began to decrease. Most of the FeII 6317 lines between our 2002-2013 observations showed an asymmetric double-peaked profile with a strong red peak except for the spectra during our 2012 observations, which showed a double-peaked structure with a strong blue peak.
We also measure the EWs of the FeII 6317 line and plot them in Figure 1 . Due to the faint emission of the FeII 6317 line and the low signal-to-noise ratio of the continuum around this region, the measure errors of the EW are large. Nevertheless, we can still see a continuous increase of the line intensity between 2002 and 2007. The intensity of the FeII 6317 line reamained stable in the following 2yr. Unlike the Hα and HeI 6678 lines, the FeII 6317 intensity had an obvious decrease during our 2010 observations and was at a relatively low level during our 2011-2013 observations.
Long-term Variabilities of the V -band Light Curves
After a series of low-level fluctuations on timescales of ∼100 days, the V -band emission abruptly brightened by ∼ 0.6 mag within about 1 yr (MJD 51050-MJD 51383). The V-band brightness began to decrease when it reached a maximum (V ∼6.2 m ) around MJD 51383.
Between MJD 51383 and MJD 52165 (Region I in Figure 1(d) ), the V -band brightness kept fading and reached another minimum (V ∼ 6.6 m ) around MJD 52165. After that, the system showed another rapid increase in the V -band brightness, with a brighter state (V ∼ 6.1 m ) around MJD 52600. In the following 2 yr, the V -band emission kept a stable emission level with small fluctuations.
Even for the sparse data between MJD 53383 and MJD 54107, we can still see a slow decrease of the V -band brightness. The V -band magnitude changed about 0.2 m within ∼2 yr. In the following year, the V -band brightness showed a slow increase and had a stable emission around MJD 54482.
Another obvious decrease in the V -band brightness was observed between MJD 54782 and MJD 55481 with an amplitude of 0.2 m . After MJD 55481, the V -band brightness had a rapid increase and a new fading phase of the optical brightness was observed around MJD 55990.
Long-term X-Ray Activities
X-ray variability has been discussed by Lutovinov et al. (2012) . As shown in Figure 1 , X Per had stable X-ray emission at a low-level flux between MJD ∼ 50080 and ∼ 51999, with an average flux of ∼10 mcrab. The X-ray flux increased slowly after MJD 51999 and peaked around MJD 52781 (∼ 50 m crab). After that, the flux declined rapidly to about 22 m crab within 150 days. The source stayed at another stable emission level with a higher X-ray flux for the following 5 yr and it began to brighten again around MJD 54640. When the source flux reached a new maximum around MJD 55363, it entered another quick decline phase. The new X-ray outburst was also partly observed by MAXI in 2-20 keV. Due to the decommissioning of RXTE in 2012 January, small X-ray flares, peaking at MJD∼55813 and MJD∼56168, were only detected by MAXI.
DISCUSSION
Correlations between the Visual Brightness and the Intensity of the Emission Lines
We have presented long-term optical photometric and spectroscopic observations of the Be/X-ray binary X Per in Section 3. Several anti-correlations between the optical brightness and the intensities of the Hα and the HeI 6678 lines are marked with three regions (I-III) separated by dashed lines in Figure 1 . When the visual brightness declined, the intensity of the Hα and HeI 6678 lines showed an obvious increase. Before and after Region I, the opposite happened -when the visual brightness showed a rapid increase, the intensity of the emission lines decreased. A similar anti-correlation was also observed after Region III in Figure 1 .
The increase in the line EWs might be caused by the decrease of the continuum emission. Two continuum spectra, selected from our 1999 and 2000 observations (the first two solid circles in Region I), are plotted in Figure 5 . Even through the spectrum in our 2000 observations had a lower continuum emission, it had stronger Hα and HeI 5875 emissions than the spectrum in our 1999 observations. Therefore, we suggest that the increase in the line emission during Regions I-III in Figure 1 might not be caused only by the decrease in the continuum emission; the physical changes in the circumstellar disc may also play an important role. To explain the anti-correlation between the optical brightness and the Hα intensity, we should first know the physical origin of the optical continuum and Hα emission in the system. The optical thick Hα emission line in a Be star is generally believed to be formed in the entire circumstellar disk (Slettebak et al. 1992) , while only the innermost part of the disk could affect the continuum flux (Haubois et al. 2012 ). Due to the higher ionization potential energy, the formation region of the HeI λ6678 line should be smaller than the nearby continuum region (Stee et al. 1998) . The increase of the Hα intensity indicates that a larger or denser circumstellar disk is forming around the Be star, while the decrease in the V-band brightness suggests that a low-density or cavitated region is developing in the inner part of the disk. Similar phenomena have also been observed in other Be/X-ray binaries, such as 4U 1145-619 (Stevens et al. 1997) , A0535+26 (Clark et al. 1999; Yan et al. 2012a ), 4U 0115+63 (Reig et al. 2007) , and MXB 0656-072 (Yan et al. 2012b) . Observational results (Rivinius et al. 2001 ) and theoretical calculations (Meilland et al. 2006) suggest that after an outburst a low-density region seems to develop around the Be star. Rivinius et al. (2001) and Meilland et al. (2006) suggested that the outburst might be related to the increased mass loss or mass ejection from the Be star. Some weeks to months after the outburst, the stellar radiation pressure gradually excavates the inner part of the disk and a low-density region develops around the Be star and slowly grows outward (Rivinius et al. 2001 ). Another possibility is that when the mass ejection from the Be star stops, a part of the ejected material would be reaccreted onto the surface of the star and a depleted region could be formed in the inner part of the disk (Haubois et al. 2012) . With the vacation of the inner disk, the optical continuum emission decreases and an increase in UBV magnitudes will be observed. After the outburst, material is transferred into the disk and a more extended circumstellar disk should form, which produces stronger Hα emission from the system. The HeI λ6678 became stronger when the optical continuum emission was decaying, indicating that a larger amount of material close to the stellar surface should be present when a low-density region is developing in the inner part of the disk. The new material around the surface of the star should be connected to the reaccreted material after the ejections (Clark et al. 2001 ).
The decrease in the V-band brightness and the increase in the Hα intensity during Regions I-III in Figure 1 might be caused by the mass ejection from the Be star in X Per. With the outward movement of the ejected materials, the size and the density of the disk kept increasing and a stronger Hα emission was observed. A low-density region was formed in the inner region of the disk after the mass ejection, resulting in a continuous fading of the optical brightness. On the other hand, the outer part of the disk should also be truncated by the orbital motion of the neutron star in the system due to the gravitational interaction (Okazaki & Negueruela 2001) . Therefore, in Figure 1 , a stable Hα emission was observed between MJD ∼ 51772 and 52140 during Region I when the optical brightness was still in a fading phase. Since the HeI 6678 is formed in the surface of the Be star, the orbital motion of the neutron star has little effect on the inner part of the disk. This is the reason for a continuous increase of the HeI 6678 emission during Region I. The steady increase in the Hα emission between our 2002 and 2010 observations might be, at least, connected with the mass ejection events that happened in Regions II and III. With the decrease of the optical brightness during these two regions, the intensity of the Hα and HeI 6678 lines showed an obvious increase. Between Regions II and III, the emission of the HeI 6678 line was stable, while the intensity of the Hα line continued to increase. Once the mass ejection stopped after Region II, the material kept moving outward and the size of the circumstellar disk became larger and larger. This could explain the increase in the Hα emission between these two regions. As a large mount of the materials were refilled after a series of mass ejections, a denser and more extended circumstellar disk formed around the Be star and a very strong Hα emission was observed during our 2010 observations. Region III in Figure 1 likely consists of two different mass ejection events. The beginning time of the second fading is marked with an arrow lines around MJD 55215. A cavity region would be formed after the first mass ejection event and the second mass ejection would refill the depleted inner region of the circumstellar disk. With the outward movement of the cavity region, a double disk structure would be formed in the circumstellar disk of X Per, which has been discussed by Tarasov & Roche (1995) , Liu & Hang (2001) , and Clark et al. (2001) . We do not rule out alternative possibilities for explaining the anti-correlations as have been proposed by Sigut & Patel (2013) and Mathew et al. (2013) .
After Region I and Region III in Figure 1 , the optical brightness of the system showed a rapid increase, which might mean that a new disk was being formed in the inner part of the circumstellar disk. Such a process may be weaker than the mass ejection events that occurred during Regions I-III, as we discussed above. Therefore, little material accumulated on the surface of the Be star and a rapid decrease in the HeI 6678 emission was observed after Regions I and III in Figure 1 . The HeI 6678 emission feature was nearly lost during our 2002 observations. On the other hand, the circumstellar disk should be truncated by the orbital motion of the neutron star. Once the mass ejection stops, the size or the density of the circumstellar disk does not increase any longer and a rapid decrease in the Hα emission is also observed after Regions I and III.
The Physical Origin of the FeII Lines in X Per
FeII lines can be seen in the visual spectrum of many objects, while the FeII emission lines only appear in the classical Be stars earlier than B5 (Hubert-Delplace & Hubert 1979). The ionization potential of neutral Fe is 7.8 eV, while that of FeII ions is 16.2 eV, which implies that FeII lines are formed in the regions close to the central star. Model calculations by Arias et al. (2006) indicate that the FeII lines that form in Be stars are optically thick and the extension of the line-forming region is 2.0 ± 0.8 times of the star radius.
All the FeII 6317 lines during our observations showed a double-peaked structure (see Figure 4) , while the Hα line showed only a single strong peak during the same time, which also implies that the FeII lines in X Per are formed in the inner part of the circumstellar disk. During these time ranges, the intensity of the Hα line also showed a continuous increase, which might be connected with serials of the mass ejection events from the Be star. Stronger shock waves could result after the mass ejections. The increase of the FeII 6317 emission might be also connected to the hot post-shock regions (Richter et al. 2003) .
The Connection between the X-Ray and Optical Activities
The X-ray activities of the system should depend on the optical variability of the Be star. The neutron star in X Per orbits the Be star with a low eccentricity (e = 0.11) and a long orbital period (P orb = 250.3 days). Therefore, X Per shows a persistent X-ray source in the sky and its periodic X-ray outburst is not obvious in its X-ray light curve. No significance correlation has been found between the optical and X-ray light curves (Lutovinov et al. 2012 ).
The physical nature of the mass ejection from the Be star is currently still under debate. It is generally believed that the ejection might be connected with the rapid rotation of the Be star. The ejected material from the Be star seems to be very important for forming the circumstellar disk. The most widely accepted model for the circumstellar disk around a Be star is the viscous decretion disk model, first proposed by Lee et al. (1991) . In this model, the material is transported from the star outward according to the viscous diffusion timescale, t diffusion ∝ r 1/2 /α, where r is the distance to the central star, and α is the viscosity parameter first used by Shakura & Syunyaev (1973) in the accretion disk model. It needs a long time, about several months to years, to transport the material from the surface of the Be star to the outer part of the circumstellar disk. Assuming that the neutron star X-ray emission is connected to the changes in its accreting environment, there should be a time lag between the activities of optical emission and the X-ray emission in a Be/X-ray binary system.
In a Be/X-ray binary system, the neutron star could be used as a probe for locating the diffused material in the circumstellar disk. As usual we assume that the mass ejection event took place at the beginning of the optical brightness fading, while the X-ray flux peaked when the densest part of the ejected material was transported to the orbit of the neutron star. We also assume that the peak time of the X-ray flare is the time of the periastron passage of the neutron star, since the orbital period is much less than the diffusion time of the ejected material in the circumstellar disk. The time for the beginning of the mass ejection event in Region I in Figure 1 is ∼ MJD 51383, while the subsequent X-ray peak flux happened at ∼ MJD 52781. The time interval is about 1400 days. Assuming an isothermal disk around the Be star, we can estimate the viscosity parameter α using Equation (19) of Bjorkman & Carciofi (2005) ,
where t diffusion , ∼ 1400 days, is the diffusion time of the ejected material from the surface of the Be star to the periastron point and r is the radial distance from the Oe star to the periastron point of the neutron star. Given that the mass M * and the radius R * of the Be star X Per are 15.5M ⊙ and 6.5R ⊙ (Grundstrom et al. 2007) , respectively, and the typical mass for a neutron star is 1.4M ⊙ , the value of r/R * is approximately 58.8, for an orbital period of 250.3 days with an eccentricity of ∼ 0.11. Therefore, the viscosity parameter α is ∼0.39 estimated by Equation (1). Similarly, the second X-ray outburst that peaked around MJD 55363 might be caused by the mass ejection event that occurred around MJD 53383 in Region II in Figure 1 . The diffusion time of ∼ 2000 days corresponds to a viscosity parameter of ∼ 0.28 in Equation (1).
The viscosity parameter α during the second X-ray outburst is smaller than the α during the first one. The smaller α suggests a lower radial diffusion velocity in the disk (Okazaki 2001; Lee et al. 1991) and it will take a longer time for the ejected material to flow from the surface of the Be star to the orbital of the neutron star. Moreover, the smaller α might be related to the higher density in the disk (Okazaki et al. 2002) during the second X-ray outburst, when X Per showed an extremely strong Hα emission. These results suggests that the circumstellar disk around the Be star in X Per may be truncated at the 2:1 resonance radius (Clark et al. 2001) , indicating that Type I X-ray outbursts are unlikely to be observed in X Per.
Conclusions
We have presented our optical spectroscopic observations of X Per from 1999 to 2013. Combining these with the public V-band brightness, we found several anti-correlations between the optical brightness and the strength of the Hα and HeI 6678 lines: when the optical brightness was in a fading phase, the strength of the Hα and HeI 6678 lines showed an obvious increase. This anti-correlation was interpreted as the result of the mass ejection event from the Be star. After mass ejection, a cavity or low-density region may develop in the inner part of the circumstellar disk. The Hα emission exhibited a continuous increase during our 2002-2010 observations and it had the strongest intensity during our 2009 and 2010 observations. The variability of the FeII 6317 line might be also caused by the shocked regions formed after the mass ejections events. The X-ray activities of X Per might be caused by mass ejection events in the Be star. With the diffusion of the ejected material from the surface of the Be star to the orbit of the neutron star, X-ray outbursts could result in due to the increase in the mass accretion onto the neutron star. The viscosity parameter α was estimated to be 0.39 and 0.28 from the different diffuse times of the two mass ejection events taking place at MJD 51383 and MJD 53383, respectively. With these values, the circumstellar disk in X Per may be truncated at the 2:1 resonance radius and the Type I X-ray outburst is unlikely to be observed in the system. 
